Background: Temporary crown and bridge materials have to fulfill a couple of important functions within the timeframe between tooth preparations until luting of the definitive restoration. The aim of the current study was to evaluate the color stability and fracture resistance of two fiber-reinforced provisional fixed partial denture (FPD) materials. Materials and Methods: In this in vitro study Using a plexiglass mold, 96 bar-shaped specimens (4 mm × 2 mm × 20 mm) were fabricated and divided into four groups (n = 24): nonreinforced composite (NRC) resin, glass fiber-reinforced composite resin (RC), nonreinforced polymethylmethacrylate (PMMA), and glass fiber-reinforced PMMA. Values of CIEL*a*b* were recorded for all the samples. Then, the samples were immersed in coffee, chlorhexidine mouthrinse, and distilled water. After 1 day and 1 and 4 weeks, CIEL*a*b* values were recorded again and color differences (∆E) were calculated. All the specimens immersed in distilled water were then subjected to force to measure their fracture resistance. Data were analyzed with one-way ANOVA, honestly significant difference Tukey tests, and paired t-test (α = 0.05). Results: The NRC group, immersed in coffee for 1 month, exhibited the highest ∆E (17.1 ± 0.69) and the lowest ∆E belonged to the RC group immersed in water for 1 day. The RC group, immersed in water, exhibited the highest fracture resistance. Conclusion: Coffee is considered as one of the most important factors affecting color changes in provisional FPDs, either in composite resins or in PMMAs. Fracture resistance of both composite resin and PMMA FPDs revealed no significant differences between the groups; however, there were significant differences between the nonreinforced and fiber-reinforced FPDs in both groups.
INTRODUCTION
Fixed partial dentures (FPDs) should meet the biologic and esthetic needs in a manner similar to mechanical needs which include resistance to functional forces, resistance to forces that dislodge the prosthesis, and preservation of the status of the abutment. [1] Materials that are currently used for the fabrication of temporary prostheses include self-cured and dual-cured resins such as polymethylmethacrylate (PMMA), polyethylmethacrylate, polyvinyl (ethylmethacrylate), bisphenol A-glycidyl methacrylate resins, bis-acryl composite resins, and light-cured urethane-dimethacrylate resins. [2, 3] These materials should exhibit adequate strength to withstand masticatory forces, especially in long-span FPDs; FPDs that are administered for a long term and in patients with parafunctional habits. [4] The materials used to fabricate temporary restorations should not undergo color changes, which is especially important in the case of long-term treatments. Therefore, the color stability might be an important criterion for selecting a material for temporary prostheses, especially in esthetic areas. [5, 6] Discoloration takes place for various reasons and might be due to intrinsic or extrinsic staining during the treatment process. [7] [8] [9] Partial polymerization, [10] water sorption, [11] chemical reactivity, and softening of the surface of temporary prosthesis, [12] diet, [13, 14] and oral hygiene [15] might affect discoloration.
In a study by Koksal and Dikbas, [16] coffee was reported to be the most important chromogenic agent for acrylic dentures. The small particles of coffee might precipitate in the cavities on the surface of the acrylic resin which have been created due to polymerization shrinkage of prosthetic materials. Tannin and other polyphenols found in coffee have high solubility in water, resulting in discoloration. These important ingredients can penetrate deep into the prosthetic material through both absorption and adsorption. [17] The discoloring potential of the agent increases with an increase in its molecular weight. [18] Therefore, the color of coffee is considered strong and stable. The staining mechanism of coffee in polymeric materials (polyethylene, polypropylene, polyester, and polyamides) is explained in two ways: the first explanation involves absorption of coffee pigments into the material and the second one involves an ionic interaction with amine groups. [17] Fracture of a temporary prosthesis is annoying for both the patient and the dentist. [18] Several techniques have been introduced to improve the physical properties of temporary FPDs and reinforce them. [19] Recently, reinforcement of the materials with different types of fibers, including glass fibers, carbon, aramid, and polyethylene, has been evaluated in dental prostheses. [20, 21] Glass and polyethylene fibers are extensively used not only for the improvement of the mechanical properties of resins but also due to their proper esthetic appearance, biocompatibility, and ease of use. [22] [23] [24] Resin-modified glass fibers are considered successful new materials due to their proper adhesion to the polymer matrix, good esthetic appearance, and an increase in the strength of the resultant composite. [25] [26] [27] [28] Temporary FPDs reinforced with resin-modified fibers exhibit higher fracture resistance compared to FPDs reinforced with nonresin-modified fibers. [29] Statistically, reinforcing glass fibers with silane results in a significant increase in the flexural strength possibly attributed to the presence of silane-coupling agent that chemically bonds the inorganic glass fibers to the organic resin matrix, making these two materials homogeneous and finally resulting in the creation of a PMMA or a strong composite. [30] The ability of glass fiber to delay or prevent crack propagation is another reason for the importance of this material for increasing fracture resistance. [31] One of the aims of the present in vitro study was to compare the color stability of two materials used for the fabrication of FPDs, including a self-cured composite resin and one type of self-cured PMMA and their reinforced types with resin-modified glass fibers in different coloring solutions and time intervals. Another aim of the present study was to compare the fracture resistance of all the materials mentioned above without the effect of the solutions above.
The null hypotheses tested in the present study were the type of the material, and incorporation of glass fibers does not affect discoloration and fracture resistance of the samples.
MATERIALS AND METHODS
A total of 96 samples were selected for the purpose of this in vitro study based on statistical counseling and divided into four groups (n = 24) as follows: 1. Nonreinforced composite (NRC) resin (Structure Premium, VOCO Gmbh, Cuxhaven, Germany) 2. Glass fiber-reinforced composite (RC) resin (Structure Premium, VOCO Gmbh, Cuxhaven, Germany) 3. Nonreinforced PMMA (NRA) (Tempron, GC Corporation, Tokyo, Japan) 4. Glass fiber-reinforced PMMA (RA) (Tempron, GC Corporation, Tokyo, Japan).
The glass fibers used in the present study (Interlig, Angelus Dental Solutions, Londrina, Brazil) were resin-modified, measuring 2 mm in width and 0.2 mm in thickness.
transferred into the mold in a manner to fill half of the mold. Then, a piece of glass fiber, measuring 16 mm in length and 2 mm in width, was placed on it, and finally, the other half of the mold was filled with the remaining part of the material. After 3 min and before complete setting, the sample was retrieved from the mold and was immersed in 50°C water and retrieved several times to minimize polymerization shrinkage and the residual unreacted monomer. The glass fiber was placed in the reinforced samples in a manner to be 2 mm away from the ends and 1 mm from the sides of the samples.
Finally, all the samples were polished, and it was made sure that there were no bubbles or cracks in the samples.
Inclusion criteria consisted of the absence of cracks in the samples and placement of the fiber at the center of the samples. Exclusion criteria consisted of cracking of the samples during discoloration tests.
The most commonly used technique to determine color changes in a material and to evaluate its color parameters is the CIEL*a*b* system. [32] The ability of this system depends on the clinical changes, and color changes or ∆E indicate the stages of human's perception of colors, i.e., it is possible to determine the amount of color change necessary for its perception. The parameters of this system include: 1. L*: This parameter indicates luminance or the white/dark characteristics of a color. It, in fact, shows the nonchromatic characteristics of a color 2. A*b*: These indicate the chromic characteristics of a color. The parameter a* indicates the red-violet (a* more positive)/blue-green (a* more negative) axes of a color and the parameter b* indicates yellow (b* more positive)/violet/blue (b* more negative) axes of a color. [32] A shade pilot spectrophotometer (DeguDent, Hanau, Germany) was used in the present study to determine color changes of the samples. Before determining L*a*b* values for each sample, the device was calibrated based on manufacturer's instructions.
To increase the accuracy of the color scanning process of the samples by the device, a model was fabricated [ Figure 2 ], which completely matched with the spectrophotometer, and the samples could be placed at the center of the model.
Before immersion of the samples in the solutions, the L*a*b* values of each samples were determined and recorded. Then, the samples were immersed A plexiglass mold was used to prepare the samples that measured 4 mm × 2 mm × 20 mm [ Figure 1 ]. The mold measured 40 mm × 65 mm and consisted of nine segments.
To fabricate NRC group samples, first, the whole mold was filled with the material by injection gun and mixing tip. Based on manufacturer's instructions, the material was allowed to set in 4 min. To fabricate samples in the RC group, first, half of the mold was filled with the material by injection; then, a piece of glass fiber, measuring 16 mm in length and 2 mm in width, was placed on it, and finally, the other half of the mold was filled with composite by injection. Again, the samples were allowed to set completely for 4 min.
To fabricate samples for the NRA group, based on manufacturer's instructions, first, 0.5 mL of the liquid was transferred into the mixing container and 1.0 g of the powder was added to it step by step. The mixture was mixed for 20-30 s and then transferred into the mold. After 3 min and before complete setting, the sample was retrieved from the mold and immersed in 50°C water and retrieved several times to minimize polymerization shrinkage and the remaining unreacted monomer. To prepare samples for the RA group, the mixture was prepared same as NRA group and then in coffee (NESCAFE GOLD, Nestle, Switzerland), chlorhexidine (CHX) mouthwash (Najo 2%, Najo, IRAN), or distilled water. Then, all the samples were incubated at 37°C. After 1 day and 1 and 4 weeks, the CIEL*a*b* values were determined again and ΔE of each sample was determined for each solution in the CIEL*a*b* three-dimensional color system using the following formula:
ΔE values were classified as follows: [32] • ΔE = 0: Excellent • ΔE = 0.5-1.5: Very good • ΔE = 1.5-2: Good • ΔE = 2-3.5: Distinguishable clinically • ΔE > 3.5: Not acceptable.
In the present study, ΔE of the NRC group in distilled water was 1.63, which is in the "good" category. After 4 weeks and analysis of color charges, all the samples that were immersed in distilled water were subjected to force for the evaluation of fracture resistance.
Fracture resistance property is used to determine a material's resistance against crack propagation. Three-point fracture test is used to determine the fracture resistance of resins. This test indicates the flexural strength of the materials and is calculated using the following formula:
Flexural Strength = 3FI/2BD A static universal testing machine (Series LFM-L, walter + baiag, Löhningen, Switzerland) was used to determine the flexural strength. Force applied at the center of the samples at a crosshead speed of 1 mm/min and force application ended immediately after specimen fracture. The force was presented in Newton by the machine, which was converted into MPa using the formula above. Data were analyzed with one-way ANOVA, honestly significant difference Tukey tests, and paired t-test (α = 0.05).
RESULTS
Considering the significant reciprocal effects between the type of material, the type of the solution, and different time intervals, one-way ANOVA was used to compare color changes in different groups.
The results of post hoc Tukey tests showed significant changes in ΔE between the 12 study groups at 1-day, 1-week, and 4-week time intervals [ Table 1 ].
The maximum color change was recorded in the NRC group samples immersed in coffee after 1 month (17.1 ± 0.69), and the least was recorded in the RC samples immersed in water at 1-day interval (1.26 ± 0.29).
One-ways ANOVA revealed significant differences in two-by-two comparisons of the groups immersed in different solutions at different time intervals (P < 0.001); the results of post hoc Tukey tests for these two-by-two comparisons are presented in Table 2 . No significant differences were observed in ΔE between these groups: RC groups immersed in distilled water and CHX at 1-day interval (P = 0.09); NRA groups immersed in CHX and coffee at 1-month interval (P = 0.99); and RA groups immersed in CHX and coffee at 1-week interval (P = 0.15). There were significant differences in ΔE between the other groups immersed in different solutions at different time intervals. intervals (P = 0.224). In other groups, there were significant differences in ΔE between 1-day, 1-week, and 1-month intervals (P < 0.001). Table 4 summarizes the results of comparisons of ΔE between groups immersed in the same solution.
In this context, there were significant differences between the NRC and NRA, NRC and RA, and RC and NRA groups immersed in distilled water at 4-week interval (P < 0.05).
In relation to the groups immersed in CHX, there were significant differences in ΔE between the NRC and RC at both 1-day and 1-week intervals, NRC and NRA and RC and RA at 1-week interval, and NRC and NRA and RC and RA groups at 1-week interval (P < 0.05).
In relation to the groups immersed in coffee, there were no significant differences in ΔE between the NRA and RA groups at 1-day and 4-week intervals.
In addition, there were no significant differences in ΔE between the NRC and RC groups at all the time intervals.
There were significant differences in ΔE between the other groups at all the time intervals. Table 5 presents the mean values of flexural strength in all the groups immersed in distilled water. Based on one-way ANOVA, there were significant differences in the means of flexural strength values between all the four groups (P < 0.001). In this context, the maximum and minimum flexural strength values were recorded in the RC and NRA groups, respectively. In addition, the effect of the use of glass fiber on increasing flexural strength in the RC group was significantly more evident compared to the NRC group and in the RA group compared to the NRA group.
Based on the results of two-by-two comparisons of the groups with post hoc Tukey tests [ Table 6 ], there was no significant difference in the mean flexural strength values between the NRA and NRC groups (P = 0.48).
In addition, there were no significant differences in ΔE between the RA and RC groups (P = 0.104); however, the mean flexural strength values in the NRA and RC groups were significantly less than those in the RC and RA groups.
DISCUSSION
In the present study, the null hypothesis stating that the type of the material and use of glass fiber had Paired t-test was used for intragroup comparison of ΔE at different time intervals, the results of which are presented in Table 3 . In this context, in the RC group immersed in distilled water, there were no significant differences between 1-day and 1-week intervals (P = 0.27) and between 1-week and 1-month interval (P = 0.104). In addition, in the RA group immersed in distilled water, there were no significant differences between 1-day and 1-week NRC: Nonreinforced composite resin; RC: Reinforced composite resin; NRA: Nonreinforced acrylic resin; RA: Reinforced acrylic resin; CHX: Chlorhexidine no effect on the color changes of specimens was rejected. In addition, the null hypothesis on the absence of the effect of incorporation of glass fiber on fracture resistance of the specimens was rejected. Based on the results of the present study, color changes of temporary composite resin materials in coffee and CHX were higher than those of PMMA temporary materials at all the time intervals. Similarly, based on the results of a study by Turgut et al., [33] in which 140 disk-shaped samples of PMMA and composite resin were immersed in four different solutions (alcohol-containing mouthwash, CHX, benzydamine HCl, and benzydamine HCL and CHX), color changes in temporary composite resin materials were higher than those of temporary PMMA materials, which might be attributed to the homogeneous nature of temporary acrylic resin materials and the heterogeneous nature of temporary composite resin materials. Fine pigment particles can deposit on the surface porosities of composite resin base.
Since glass is an amorphous material containing tetrahedral silica bonds that are positioned in a random network, this structure is different from the organic fibers such as polyethylene. According to various reports, nonorganic materials exhibit low water sorption and lower odds of color changes. [34] However, in the present study, the difference in color changes between the glass fiber-reinforced samples and nonreinforced samples was not significant.
In a study by Koumjian et al., [35] seven different types of acrylic resin were used for the fabrication of temporary fixed dentures and their color changes were evaluated in vivo. All these materials exhibited some staining after 9 weeks. In addition, Rosentritt et al. [32] showed that color changes of acrylic resin veneers were significantly less than those of composite resin after a period of 18 months. These results might be explained by high conversion rate and the presence of small amounts of materials such as dibenzoyl peroxide in PMMA teeth. The results of the present study are coincident with those of the studies above.
In a study by Tuncdemir and Aykent [34] on the staining of reinforced and NRC resins, both types exhibited staining. In the present study too, NRC and RC exhibited significant differences at both 1-day and 1-week intervals.
In the present study, the highest fracture resistance was detected in the RC group. Based on a study by Kamble and Parkhedkar, [30] polyethylene and glass fibers can increase the fracture resistance of composite resin and PMMA samples compared to nonreinforced samples that coincident with the results of the present study.
Reinforcing different polymers with fibers results in an improvement in the mechanical properties of temporary restorations, including diametric strength, final tensile strength, and compressive strength, which might be possibly explained by the transfer of stresses from the poor polymer matrix to fibers with high flexural strength [30] because reinforcing of the material with fiber results in better distribution of the forces applied within the material, resulting in a decrease in the transfer of stress and homogenization of the forces applied. [36] In the present study too, the reason for a higher fracture resistance of the fiber-reinforced samples is the same.
Comparison of the groups in the present study showed significant differences in the fracture resistance of prostheses with bases made of composite acrylic resin and PMMA. The present study showed that the flexural strength of composite acrylic resin base was higher than that of polymethyl acrylate resin. Based on the results of a study by Nejatidanesh et al. [37] too, temporary restorations with composite acrylic resin exhibited higher flexural strength compared to methacrylate resins, coincident with the results of the present study. According to a study by Lang et al. [38] too, the highest strength and lowest failure rate were observed in the composite group.
The popularity of composite temporary restorations is increasing, partially leading to their marketing in a cartridge, which is not only comfortable but also leads to the extrusion of a correct and consistent composition, improving its mechanical and physical characteristics. [39] In the present study too, the cartridge system of the composite material was used.
One of the limitations of the present study was the morphologic differences between the samples and the crowns and bridges of natural teeth. It is recommended that in future studies samples be used that are similar to natural teeth. Based on a study by Poonacha et al., [39] PMMA placed in an aqueous environment absorbs water. Water molecules penetrate into the PMMA matrix and fill the spaces between the polymer chains, finally disintegrating the affected polymer chains. The reason for a decrease in flexural strength of autopolymerized resins with a methacrylate base after immersion is the interference of water molecules with the increase in volume of polymer chains. Therefore, another limitation of the present study was the possible effect of storage of samples in 37°C distilled water for 4 weeks, which might have affected real fracture resistance of the samples. It is suggested that in future studies, this factor be taken into account.
CONCLUSION
Consumption of coffee may be one of the etiologic factors of the temporary FPD staining made of composite resin and PMMA. In addition, administration of CHX mouthwash can be an etiologic factor for staining of these materials; however, its effect is not as important as that of coffee. The use of glass fibers cannot be considered an important factor for staining of these materials. There were no significant differences in the fracture resistance of these two reinforced and nonreinforced temporary FPD materials. However, in both materials, the use of fiberglass significantly improved fracture resistance compared to nonreinforced samples (P < 0.001).
Clinical significance
Many daily foods may change the color of the temporary FPDs made of composite resin and PMMA. Although the use of glass fibers can improve fracture resistance of the interim FPDs, it cannot be considered as an effective factor for staining of these materials.
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